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INTRODUCTION AND SUMMARY 


Approximately 30 million pounds of tungsten trioxide in the form of ferberite 
concentrates have been shipped from Boulder County. Since 1940, the production has 
varied considerably, being affected by the emergency needs of World War II and the 
Korean conflict. During World War II, attempts to stimulate production were made 
by the Metals Reserve Company by stabilizing the price for a specified period, the 
Reconstruction Finance Corporation by small mining development loans, and the Bureau 
of Mines and the Geological Survey, who cooperatively explored some of the district 
by surface and underground core drilling. During the Korean conflict and continuing 
through the first half of 1954, tungsten production was being stimulated by a Govern- 
ment-gauranteed price and by financial assistance loans under the Defense Production 
Act of 1950 to qualified operators of properties that have merited exploration. 

This combined program has increased production in Boulder County from about 1,900 
pounds in 1949 to an estimated 383,000 pounds of tungsten trioxide in 1953. The 
1953 production came from 67 properties. 


One of the problems confronting producers is the need for improved beneficia- 
tion methods. Ores from the area have not been amenable to flotation concentration 
and gravity methods have resulted in poor recovery, often less than 70 percent, 


Ferberite ores in Boulder County locally are classified as soft or horn types. 
Soft ores are usually higher in grade and are amenable to gravity concentration. 
Horn ore consists of an intimate association of fine-grained ferberite and quartz, 
which up to the present time has been concentrated, but with a low recovery. Horn 
ore occurs both singly and with soft ore. Ores containing appreciable quantities 
of horn usually are not accepted by concentrating mills. 


The current efforts by industry, which are materially benefiting the Nation in 
its goal for adequate mineral supplies, would be aided considerably if beneficiation 
methods for ferberite concentration could be improved. Research with this objective 
is currently being conducted at the Salt Lake Experiment Station, Region III, Bureau 
of Mines. 

In order to justify this research, a survey was made of the properties in the 
Boulder County tungsten-producing district to establish the probable ore potential. 
This paper reports the results of the ore-reserve survey. To indicate the relative 
importance of the district, careful estimates of past, production were compiled from 
data assembled in March and April 1954. 


Total indicated and inferred reserves of soft ore, which is amenable to gravity 
concentration, are estimated as 492,435 tons containing 0.426 percent WO3 or 210,017 
units. Total indicated and inferred reserves of horn ore, which is not readily 
amenable to gravity concentration, are estimated as 207,318 tons containing 0.714 
percent WO3 or 148,725 units. Total reserves are estimated as 699,753 tons contain- 
ing 0.513 percent WO2 or 358,742 units. The horn ore estimates are lower than would 
be expected because thee generally have not been amenable to concentration and 
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consequently have not been explored or developed. It is probable that if the metal- 
lurgy of horn ore were improved, a considerabiy greater reserve of this type of ore 
would become available. 
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HISTORY AND PRODUCTION 


Tungsten was first identified as an element by the Swedish chemist Scheele in 
1781, and Robert Musket obtained a British patent for the use of tungsten in harden- 
ing steel in 1859. 


Towner, a gold miner in Boulder County, excavated a small hole near the site of 
the old Conger shaft in the 1860's. The apparently "worthless black iron" was noted 
by many later prospectors, among them Samuel B. Conger and Nelson Wannamaker. 


The Manual of Mineralogy and Petrography by Dana, printed in 1891, lists the 
Golden Queen mine at Ward as containing scheelite. J. H. Knight, a successful 
Boulder County miner recognized the minerals hubnerite and wolframite in mines be- 
tween Ward and Gold Lake in the early 1890's. His display of tungsten ores at the 
Paris Universal Exposition in 1899 caused considerable interest to be shown in 
Boulder County deposits. 


A Mr. Beddig of Germany probably mined the first tungsten ore in Boulder County 
from the Beddick (or Beddig) vein; he was closely followed by Conger and Wannamaker 
who reportedly mined 40 tons in 1900 from the nearby Conger vein. Morris Jones 
started the Great Western Exploration & Reduction Co. in 1901; this company later 
became part of the Primos Mining Co. The Wolf Tongue Mining Co. began operations 
in the area in 1904. Most of the favorable tungsten-bearing land was owned or 
located by 1905. 


Production in 1900 was 2,760 units valued at about $1.25 a unit (Appendix I). 
Maximum production of 162,420 units was reached in 1917 (8) ;2/ the estimated 1953 
production was 19,143 units. Through 1948 about 20 percent of the total tungsten 
production in the United States came from Boulder County. 


The General Services Administration of the Federal Government has been author- 
ized to purchase tungsten at the base price of $63.00 per short ton unit (dry 
weight) of contained tungsten trioxide up to July 1, 1958, or until 3,000,000 short- 
ton units have been delivered to specified purchasing depots and accepted by the 
Government. Under this program, local custom mills in Boulder County pay $23.00 a 
unit for 1 percent acceptable ore and $27.00 a unit for 2 percent acceptable ore, 
in accordance with the schedule shown in Appendix II. 


LOCATION AND PHYSICAL FEATURES 
The main tungsten-bearing district in Boulder County, which overlaps into 


Gilpin County, is a narrow belt 9-1/2 miles long and 4-1/2 miles wide trending 
southwest from Arkansas Mountain, 4 miles west of Boulder, to Sherwood Flats, 1-1/2 


2] Underlined numbers in parentheses refer to items in the Bibliography at the 


end of this report. 
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miles northwest of Nederland (fig. 1). A few small tungsten mines and several po- 
tentially important horn ore deposits lie outside of the main district. 


State Highway 119 follows Boulder Canyon from Boulder to Nederland, a distance 
of 18 miles, where it connects with State Highway 160. Good access roads extend 
from these two highways to the principal mines. The nearest railroad loading fa- 
cilities are those of the Denver and Rio Grande Western Railroad at Rollinsville, 

4 miles south of Nederland. Boulder, the nearest supply point, is served by the 
Union Pacific and Colorado & Southern Railroads. Electric power is available 
throughout the district from service lines of the Public Service Co. of Colorado. 
A schedule of the electric energy rates is given in Appendix III. 


The Nederland erea comprises a gently rising upland extending from the foot- 
hills of the Front Range on the east to the steeper slopes on the west. It is an 
area of rounded mountain tops and flat ridges separated by narrow valleys and deep 
canyons. Altitudes vary from 6,000 to 9,500 feet, and the climate, although some- 
what severe in winter, permits year around mine operation. Abundant native timber 
is available, which is suitable for most mine use. 


LABOR AND LIVING CONDITIONS 


Adequate labor is available from Nederland and Boulder. Prevailing wages are 
from $1.25 to $1.80 an hour. Several houses are available in Nederland, Tungsten, 
and other camps throughout the tungsten district, but most of the mine-operating 
personnel live in Boulder and drive to and from work. 


PROPERTY OWNERSHIP 


Property is held by over 500 patented mining claims, several hundred unpat- 
ented claims, and about 6,000 acres of patented agriculture land on which the 
mineral rights have been retained. 


A booklet sponsored by the Boulder County Metal Mining Asssociation in 1918 
reported 3 refineries, ce concentrating mills, and hundreds of mines equipped for 
operation. In 1953 there were 4 scavenger dump plants, a magnetic-separation plant, 
a synthetic scheelite plant, 8 gravity concentration plants, and 67 producing mines. 
The principal tungsten mine owners are listed in table l. 


Many mining properties not listed in table 1 contain one or more claims. Three 
of the principal land owners, holding about 3,795 acres on which more than half of 
the past production of the district has been made, express little interest in leas- 
ing or operating their properties for producing timgsten, 
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TABLE 1. - List of principal mine owners, Boulder County, Colo. 


Mine owner agricultural land | total acres 


Vanadium Corp. of America ...cesee 1,576.7 
Hetzer Mines, Inc. ..ccccccccccces 830 .0 
Colorado Tungsten Corp. .....e.ee. 752.5 
Clark Minerals, Inc. ....cccccccees 303 .0 
Platt Rogers, estate .....cececocee 1,469.5 
Juanita Clark ..ccccccccccccccccce 850 .0 
George Cowdery .wcccccccccccccvecs 315.0 
Elmer HetZer is si asiewsew sods waene’s 255.0 
W. L. and Guy Tanner ....ccccccccs 130.0 
Re 6 CVICS. éct ia scieweeeadwewe. 55 0 
Ga? We TOA] cas owed Seses coreew wees 80 .0 
Shattuck Chemical Co. wccccccccces 80 .0 
Ca) Bis WOICOGG Sia ics GS-00: 0 6 ew ere one 50 .0 
JOSCPN RETCCT i.vcecsssce sees cares 60 .0 
Ernest Bonelli wwcccccccccccccsces 80 .0 
GEOPrRe JUMP sic ccc ctecccwecteess 30.0 
Bi DB POCO 56:64 oa sie 4 COW ase eee 30.0 
Boulder: Couey 6:5 acs 60.60 ww veeee sels 990 .0 


GEOLOGY AND ORE DEPOSITS 


According to Lovering (2,5,6), about three-fourths of the tungsten district 
lies within a small batholith of pre-Cambrian gneissic quartz-monzonite that ex- 
tends from 1 mile west of Boulder to the village of Tungsten and is known as 
Boulder Creek granite. The remaining one-fourth of the district bordering the 
batholith to the west contains pre-Cambrian metamorphic rocks, principally quartz- 
biotite-schist of the Idaho Springs formation, which has been intruded by aplite 
and pegmatite masses related to the batholith. These pre-Cambrian rocks are cut by 
dikes of late Cretaceous or early Tertiary age consisting of predominately horn- 
blende monzonite porphyry and hornblende diorite porphyry in the western half of 
the district and biotite porphyry with biotite breccia in the eastern part. Two 
major fracture systems stand out, the first, trending northwest contains mostly 
barren veins and the second, trending northeast contains most of the productive 
tungsten veins, The northwest-trending faults, locally called breccia reefs, can 
be traced for many miles and are related to ore deposition. 


The tungsten veins generally are narrow and irregular with small ore shoots 
ranging from a few inches to 3 feet in width; in a few places veins up to 16 feet 
wide have been mined. Most of the ore consists of ferberite disseminated through 
quartz; quartz constitutes the principal vein material. Some scheelite occurs in 
various ores of the district, but no commercial deposits of scheelite are known. 
Hubnerite has been found as a minor constituent in the Quay and Golden Queen mines. 


Ore has been mined over a vertical range of 700 feet throughout the district, 
although most of the individual ore shoots have been followed to a depth of less 
than 100 feet from the surface. Probably many concealed ore shoots exist that do 
not outcrop at the surface. 


The Ore 


Ore mined is generally classified by miners and operators as soft or horn, 
Soft ore, consisting of friable, coarsely crystalline ferberite as a filling in 
brecciated country rock and vein quartz, is amenable to gravity concentration. 
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Horn ore is comprised of extremely fine grained crystals of ferberite dissemi- 
nated through contemporaneous fine-grained quartz or hornstone; it occurs through- 
out the district but is more common in the eastern part. Horn ore is difficult to 
concentrate; it requires extremely fine grinding, which causes wear on equipment 
and results in excessive sliming. Ore predominantly of the horn type has been 
slightly upgraded by gravity concentration methods but with very low recovery. 


MINE DEVELOPMENT 


Development in the tungsten district includes about 23,000 feet of shafts and 
prospect pits, 12,000 feet of adits, 80,000 feet of drifts and crosscuts, and 20,000 
feet of surface trenching. Among the deeper shafts, all of which are over 300 feet 
deep, are the April Fool, Beddig, Clyde, Cold Spring, Conger, Cross, Good Friday, 
Mammoth, Oregon, and Tungsten. At least 88 shafts have been sunk over 100 feet, 
and there are several hundred prospect-type shafts. Adits have been used to develop 
@ number of veins and some of the principal adits are: Clark, Conger, Eureka, Good 
Friday, Greenhorn, Halfway, Long, Luckie 2, Prospect, Roosevelt, Vasco 5, and Windy. 
The Conger has been the largest producer and is the most extensively developed mine 
in the district. 


Exploration and development work in tungsten mines has been kept at a minimum 
and, in general, mines are in poor condition. Several publications are given as 
references at the end of this report on the tungsten ore deposits and mines in 
Boulder County. 


MINING METHODS 


Early day development was done with hand tools. Present mining operations use 
gasoline or electric-powered hoisting equipment, compressors, and pneumatic drills. 
Headframes are generally of minimum height and relatively inexpensive. The Conger 
mine shaft utilizes a cage, the Cold Spring a skip on inclined track, and all other 
shafts use only buckets on wooden skids. Timbering is done mostly with both framed 
and unframed native timber. Some shafts require solid cribbing in weak spots. 
Mechanical mucking machines are used in only two of the mines, 


Stoping is done by open, cut-and-fill, shrinkage, and underhand methods. In 
general, production comes from narrow veins, and workings are kept to a minimum 
size. Cut-and-fill and shrinkage stope methods are used in most of the mines. As 
a whole, the mines do not yield large tonnages and elaborate operations are not 
required. 


ORE RESERVES 


The ferberite ore deposits of Boulder County usually are mined out as de- 
veloped. The horn type deposits have not proved profitable and, therefore, have 
not been developed extensively. An attempt, resulting in this paper, was made to 
estimate these ore reserves in order to justify beneficiation research, Estimates 
were based on carefully evaluated statements from past and present operators, and 
from Government and private reports for the area (9). 


Of the several hundred tungsten mines in Boulder County, many are shown on 
figures 2 and 3 and 237 are listed in Appendix IV of this report; 109 of these 
mines are credited with reserves as ore in place, in stope fills, dumps, old tail- 
ing ponds, and in residual or "float" beds. Low-grade ore in dumps and float beds 
is included because scavenger mining and milling operations have been carried on 
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Figure 2. - Location of principal soft tungsten ore areas. 
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successfully, with costs being as low as $2.00 a ton. Average milling costs in 
1953 are estimated at $12.00 per ton of crude ore. Some of the stope fills are 

too low-grade to be processed profitably by present milling methods, but they are 

a potential source of tungsten if milling methods are improved. Reserves are given 
by actual grade and not as recovered tungsten trioxide. Horn-type ore bodies have 
not been developed or sampled enough to allow adequate evaluation of quantity and 
grade, 


Reserves are summarized as indicated or inferred of both soft or horn ores in 
table 2. 


TABLE 2. - Estimated t sten ore reserves in Boulder Count 


Grade, Units Number 
percent . of 
Reserves properties 


WO 
Indicated ore in place .csccccccccccce 8 a Re ell 9 
Inferred ore in place ....ccccccccccces LO 
ee eat er ares 


Total ore in place lA a i ed 


Inferred ore in stope fills ...cccecee le 
Inferred ore in GumpS ..c.ccccccccccces 34 
Inferred ore in float-bedS ...cccccees 4 
TStal: .26.cs tones ou wuaeeeesiaeates 430,489 [154 | 66,190 | 
Total Soft OTE seccecesccvecccscces ee 
Horn ore: 
Indicated ore in place ...cicccccccccee nant Mccall 
Inferred ore in PLACE sisccccedeces cus 
Total ore In PLACE: isc ciices cose cus 
Inferred ore in stope fills ....cceee. ~500 1 
Inferred ore im GumpS ..cccccecccccees «285 15 
Inferred ore in tailings ....cccscccces 00 1 


Total eesevoeeecooeooe@eeeewocoeevoeeseoeeoeeeseese 8 i721, 800 | .303 [176,600 _ 


ToCad. NOM. Ore: 66% e448 ss 3S Gis oes 20 18 ae ae 


ran ca ce 


Potel soft end hom ore esscsseesee| 699,753] 513 | 358,742 


1 Totals only are given to avoid revealing confidential information from individ- 
ual sources, 


FUTURE EXPLORATION 
Lovering (6) in a report on the district in 1940 writes: 


It seems probable that most of the tungsten ore of the district has 
already been mined. Many undiscovered ore shoots may still be present in 
the district, but the cost of finding them will be considerable. Under 
normal conditions of exploration, and with the price of tiumgsten about 
$20.00 a unit, it may be expected that the district will continue to pro- 
vide a few hundred tons of concentrate a year for many years to come. 

Even with the stimulus of high prices it is doubtful if the annual produc- 
tion will reach 1,000 tons (concentrate unless an elaborate campaign of 
geologic exploration and diamond drilling, whose success would be uncertain, 
is carried forward. 
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After 14 years Lovering's statement still appears accurate. During World War 
II, stimulus to tungsten mining in the district was provided by granting Reconstruc- 
tion Finance Corporation loans, stabilizing the price for a definite period, and by 
a diamond drilling program operated by the Bureau of Mines with geologic guidance 
from the Federal Geological Survey. In 1950, stimulus was provided by granting 
loans through the Defense Production Act of 1950 and by a greatly increased long 
term, guaranteed price. 


These stimuli have affected production of tungsten - production being about 
726 tons in 1940 when tungsten was valued at $18.00 a unit, gradually decreasing 
to almost nothing in 1949, and rising to about 300 tons in 1953 when the price for 
domestically produced tungsten was and still is $63.00 a unit. 


Most of the veins in the Nederland region have favorable aspects when consider- 
ing exploration. However, the occurrence of lenticular ore shoots generally can not 
be predetermined. Several veins only a fraction of an inch thick have, when fol- 
lowed, increased in size and become large ore shoots. Exploration for this type of 
mineral deposit is uncertain and costly. 


If metallurgical research now being conducted on the horn ores of the district 
proves successful, exploration to determine the extent, both laterally and in depth, 
of many of the veins containing this type of ore is warranted. 


Future exploration can be done by diamond drilling, sinking, drifting, raising, 
and surface trenching. Short diamond-drill holes can be used to advantage in prob- 
ing for nearby ore shoots, and longer holes can be drilled to find new veins, exten- 
Sions of veins, and ore bodies cut off by faulting. Sinking, drifting, and raising 
on veins that have proved productive is the most effective method of exploration. 
Surface bulldozing in search for new veins might be effective if support of the 
many property owners could be coordinated. 


ORE DRESSING AND CONCENTRATION 


Gravity Concentration and Flotation 


The first gravity concentration mill for the beneficiation of ferberite ores 
was operated in Gordon Gulch in 1900 by the Great Western Exploration & Reduction 
Co., which later became a part of the Primos Mining Co. holdings. 


The Black Cloud mill, a gold mill near Salina, was used by the newly formed 
Wolf Tongue Mining Co. to concentrate tungsten ores in 1904, and during the same 
year the company acquired the old Caribou mill at Nederland and began purchasing 
custom ore in 1905. This mill burned in 1927, and the present Wolf Tongue mill 
was erected on the same site. 


The Lakewood mill, which had the doubtful distinction of being the largest 
10-stamp mill in the world, was built in 1910 by the Primos Mining Co. 


The Boulder Tungsten Production and Vasco mills were erected at Stevens Camp 
(now Tungsten) in 1915. The Boulder Tungsten Mills, Inc., plant was built on North 
Boulder Creek in 1941. This mill had the largest capacity and was probably the 
most efficient of any of the tungsten mills that have been operated in Boulder 
County. 


Since 1900 at least 35 concentrating mills, 2 tungstic acid plants, a synthetic 
(called artificial) scheelite plant, a ferro-tungsten plant, and a magnetic-separa- 
tion plant have been operated in the area. All of the mills, with the exception of 
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the Copeland, have been designed to process the soft-type ore and are listed in 


table 3. (See fig. 4.) 


TABLE 3. - 


Plant 
Black. Prince: si00000ss 6660006 ee 
Black SWAN. 0se-66 0.06 600.006 0% 0% 
Boulder County ..ccccccccccccce 
Boulder Tungsten Mills, Inc. .. 
Boulder Tungsten Production ... 
BOYO: 24:56 550d Sioa oie wi eae eee cawerers 
CIATK=DO GRO: iiss 6 ewik és ws SSw ers 


CIBTESGOlL 66666616565 Ose 6wie 
COMBCY 164ca5 win ales soe ee eas os 
COPE LANG: s.0/5s.0s0w 06 ae 6 Sb eee oes 
COWGELY 4:00 kei ae Owed 6.6 466 wre 
DOMINO»: 2616..ssew ole wee we 6 4W- ore wiles 
FANSUCEL 6yso-is ee 6 8A ede ices 
GOO0 -ETIGEY <5 occ w eee 66a Ww 6.008 
GPIM, 65.84.96 6606 64S RES 
HAYNES 5:5 \e-ce ss bse a Wie We we ee ae 
HOrail.G. .:s-¢ siee4 soe wise eso 66 ere ole es 
HOOSTOR 6% 546.4 .6.5 dies wae.e swe aaeve 
INGUSULIAL. Geese ise eeee dees 


Jump @eeeeeoeesveeeeeoeeoeveeeaeae~spaos eee 8 


Lakewood @eeeeeeoea@ C2@eeoeepeesvee@eesesese8? 
Long @eeeoeosceaoeeevu ee oceoeeoeeseease1ecdesne2 @ 


MS TITD' . “o gnate:eeoie 060.566 6 ape aoe Meee Sere 
Marion (Teal) ..ccccccccccceces 
LUCKY “TWO! 6160 '6066:0.0.0s Se aeeteeieee 
MOYO. 565-6 6a Shee Seino we wee woes 
Primos... cc ede s de esse Wie eas eee ees 
Rare Metals: ssevsiscwses cw saw ee 
Red Signe ccs6 0:56.00 6.066 66 es bees 
RGOOSC 16.5 06's Sais Dine dase So see 
DGMMIAUC 2s g:5-4:5 0 wrd.e'p ww are erere eieveteers 


JOG. SMILE 54 sso bese eee aw ees ee 
DP LORUC .... ws: oiu wives bw lew Wise eo eel ee 
Stoddard-Eckley ..cccccvccccces 
(Black Metals Reduction Co.) 

DUNNYS10E ise ei iae eee eieeweane 
WAVIMO T6516 wise aie ose Sie so 9. 6 wee Ss 
Tungsten ProductsS ..cccocccccae 

DG s- Gov swted sew esosesese we 


Vasco @®eeeaeeecovoaonvpeaespeeweoeoeeaesoeaeeene 


Wolf Tongue e@eeeoeeseevesveaeveeaeaea eoeaeene 
Operated in 1953. 


Kalbe 


Eagle Rock 
Salina 

Cardinal 

Below Lakewood 
Tungsten 
Boulder 

6 miles west of 
Boulder 
Clarasdorf 
Sherwood Gulch 
South Boulder Creek 
Beaver Creek 
Eagle Rock 
Beaver Creek 
Boulder Falls 
Near Eagle Rock 
Crisman 

Sugar Loaf 
North of Nederland 
Boulder 

Gordon Gulch 
Lakewood 
Gordon Gulch 
Boulder 

Bummer Gulch 


Gordon Gulch 
Rollinsville 

Eagle Rock 

North of Nederland 
Northeast of 
Rollinsville 
Nederland 

Near Sugar Loaf 
Boulder 


Eagle Rock 
Beaver Creek 
Boulder 

do. 


Tungsten 
Nederland 


In condition to operate or under construction. 


c/ Dismantled or partly dismantled. 
a/ Used for gold-silver-copper-lead-zinc ores only. 
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sten mills and plants operated in Boulder Count 


Location number 


ype 

Gravity c 

Do. 
Gravity a/ 

Do. 
Gravity c/ 

Do. 

Do. 


Do. 
Do. 
Do. 
Gravity b/ 
Do. 
Gravity c/ 
Gravity a/ 
Gravity c/ 


Gravity a/ 
Synthetic scheelite b/ 
Gravity c/ 
Do. 
Do. 
Do. 
Gravity a/ 
Gravity c/ 
Magnetic separation a/ 
Gravity c/ 
Do. 
Do. 
Do. 
Do. 


Gravity a/ 
Gravity c/ 
Tungstic acid c/ 


Gravity c/ 

Do. 
Tungstic acid c/ 
Ferro-tungsten c/ 
Gravity c/ 
Gravity a/ 
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During 1953, 5 concentrating mills listed in table 4 were in operation, 1 was 
under construction, and 2 mills that were in operating condition were idle. Flow- 
sheets of these mills are shown in figures 5-12, inclusive. 


TABLE 4. - Concentrating mills operated in l 


Tonnage 
Te eel eles 
Mill Owner per hour | in 19 number Remarks 
2.0 3 5 


Good Friday Jump Mining Co. Operated 1 shift per 
day - short of water. 


Hoosier Johnson Bros. 

& Prime 6 Operated 3 months. 
Marion (Teal) | Boulder Tungsten 

Mines, Inc. ° 7 
Joe Smith Joseph Smith ‘ 8 Operated part time. 
Wolf Tongue Hetzer Mines, Inc. 9 Operated 1 to 2 


shifts per day. 
Cowdery George Cowdery 10 Idle. 

Herald J. McCristy et al. 11 Under construction. 
Domino R. Betasso ‘ 12 Idle. 


Gravity concentration of ferberite ores in the Boulder County district has not 
been appreciably improved during the past 50 years. Stamps for fine grinding have 
been replaced by ball, rod, and pebble mills; vanners and Monell slimers, by slime 
tables; some Hartz-type jigs have been modified to the Ellis type or replaced by 
pulsator jigs; and spiral sand pumps, by Wilfley-type pumps. 


An example of the efficiency obtained in previous mill operation is taken 
from an old report on the operation of the Boyd mill by V. G. Hills (1). Partial 
records of the Boyd mill operation during 1906-1907 give the results from milling 
19 lots of soft ore. These lots of ore came from the Beddig, Crow No. 4, and Crow 
No. 18 properties and were reported to have had an average head assay of 7.8 percent 
WO3. Recovery averaged 80.65 percent, and the concentrates averaged 61.99 percent 
WO3. A test sample from a mine near Boulder Falls, containing some horn ore, assayed 
12.43 percent WO2 ; the recovery was 56.19 percent, and the concentrates contained 
54.49 percent WO3. A horn-type ore from the east edge of the district was similarly 
treated in which heads assayed 6.07 percent WO3, the concentrates 40.37 percent WO3, 
and recovery was only 5.03 percent. Hills Ci); commenting on this lot, stated: 
"There was not enough of it saved to pay the cost of rumning it through the mill. 
It shows that an engineer depending on his assays, without mill tests, might report 
favorably on a worthless mine." 


It was recognized since the beginning of the district that jigging, sand ta- 
bling, and slime tabling (or vanning machine) did not result in a good recov- 
ery from the ores as a whole. Usually a rag table unit was added to the mill equip- 
ment for additional recovery. The Lakewood mill, with a capacity of 4 tons per 
hour, had a rag plant containing 120 rag tables in 3 tiers. All the tables were 4 
feet wide, and those in the upper tier were 40 feet long. 


Flotation was tried in the Wolf Tongue mill to eliminate sulfides. It was also 
used to float ferberite by Boulder Tungsten Mills, Inc., in 1941. The concentrate 
made was low-grade, but at that time could be sold to the Government's ore buying 
depot at Salt Lake City, Utah. 
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GOOD FRIDAY MILL 


(ELECTRIC) 


UNDERGROUND 
ORE POCKET 


————> 300" TRAM SS 


1O-TON ORE 
BIN 
30"X 30" SHAKING 
SCREEN 
i“ > 40' - 20" PICKING COARSE 
3/4 GRIZZLY i BELT <> WASTE 
ORE 


a / AN ia 


a 2M UNIVERSAL 12"X 18" 


JAW GRUSHER 
= 3/4 


30-TON MILL 
WORM FEEDERS. BIN 


3'x6' 
TROMMEL 
10"X 16" MCFARLANE 
8 {| _] ROLLS 
OVERSIZE MILL ‘,@REEEEEED 
TROMMEL bh, SCREW _\." |- COMPARTMENT 
CONVEYOR | 6 rae fe I2"MINERAL JIG 
“4 
Y IO} > WO, CONC. 


ola) 2. COMPARTMENT 
‘olo] 8 x ie NERA 
| 


TAILS 


WILFLEY NO.6 
SAND TABLE 


wOs CONG. 
MIODLINGS 


wWOs BED AND ae 
HUTCH CONCENTRATES 
TO TAILINGS POND 


Figure 5. - Flowsheet of Good Friday tungsten mill, Boulder County, Colo. 
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HOOSIER MILL 


(ELECTRIC) 
25~-TON 
CRUDE ORE 
BIN 
GRIZZLY 
— 10'% 16" 
SS 6) _ Jaw 
A\ a CRUSHER 
“i “4. ¥, 
TROMMEL | 22"K16" 
TROMMEL 
OVERSIZE 
-20 MESH /" ~ 3/,' 


MCFARLANE 
i2"x 20" 
oe 3-CELL 
WOs CONC.~<[ojey |X 18" wo, lo Stee: 


rT} rT HARTZ | 
2-CELL 9"X 14 Of) NG CS ere HARTZ 


wos conc~<-I2l9] “ puLsaTor 
lof} JIG JIG 
TAILS Pe TAILS 
Ea 12"x 20” ROGERS 
ROLLS 
WILFLEY NO.6 
MIDOLINGS—<- SAND TABLE Toon 5' TROMMEL 
wOs CONC—<- —20 MESH 
Y 
olo] 42-GELL 
TAILS WOs GONC=<"\Clal] HARTZ JIG 
eS ee 
TAILS WILFLEY NO.6 
SAND TABLE 
wo; CONC.~<— 
WO; CONCO.~<<—_ 
TO TAILINGS 


POND 


Figure 6. - Flowsheet of the Hoosier tungsten mill, Boulder County, Colo. 
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MARION (TEAL) MILL 
(ELECTRIC) 


IRON REJECT .3O to 1.28 


Figure 7. - Flowsheet of the Marion (Teal) tungsten mill, Boulder County, Colo. 
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JOE SMITH MILL 
(POWERED BY INTERNATIONAL 80-HP DIESEL ENGINE) 


30-TON 
PLATFORM 
BIN 


HANOFEO 
Sc 
mI©) 
UNIVERSAL NO. 2 
8" x is" 
JAW CRUSHER 


ELEVATOR 


TROMMEL 


—% 


MCFARL ANE 
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4+“ 
To -ly" 


+42-Ye 


| WILFLEY *1) 
| SAND TABLE 
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(STACKED 
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TO 
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POND 


RECOVERY TEST ON CONGER ORE (1953) 


+55% WOs CONCENTRATES 59% 
+30% WOs MIDDLINGS 14% 


TOTAL RECOVERY 73% 


Figure 8. - Flowsheet of the Joe Smith tungsten mill, Boulder County, Colo. 
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HETZER MINES, ING. 
WOLF TONGUE MILL 
(ELECTRIC) 


6" x 20° DORR THI CKENER 


TO TAILING 


POND 


ALLIS-~-CHALMERS 
UO 14" x 26" 
ROLLS 


DIESTER #6 Lh) 
. he 


Figure 9. - Flowsheet of the Wolf Tongue tungsten mill, Boulder County, Colo. 
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COWDERY MILL 
(ELECTRIG) 


MINE RUN ORE 


HANOFED 
Yq GRIZZLY 
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JAW CRUSHER 
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MILL BIN 
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Figure 10. - Flowsheet of the Cowdery tungsten mill, Boulder County, Colo. 
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HERALD MILL 
(POWERED BY GASOLINE ENGINE) 
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Figure 1]. - Flowsheet of the Herald tungsten mill, Boulder County, Colo. 
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(ELECTRIC) 
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Figure 12. - Flowsheet of the Domino tungsten mill, Boulder County, Colo. 
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At present both the Wolf Tongue and Marion (Teal) mills have flotation equip- 
tent, tut the flotation units have been eliminated from the mill circuits. 


Ferterite recoveries in the Wolf Tongue and Marion custom mills, run between 
7) and SG percent, depending, in large part, upon the character of the ores treated. 
‘gner recoveries have been made in previous milling when 40 percent WO3 concen- 
ates could be sold readily. These mill operators have the problem of benefici- 
‘zz low-grade ores requiring a high ratio of concentration and containing a large 

tage of horn ore, which will not concentrate readily; consequently they will 


Tre Marion (Teal) mill and the Hetzer or former Wolf Tongue mill are orderly 
paanmned and efficiently managed. Three other mills operated on ore from individual 
mines. Tneir flowsheets are simple, and recovery is fair to good because only par- 
ticular ores that are amenable to gravity concentration are treated. 


Chemical Plants 


Tne Black Metals Reduction Co. erected a tungstic-acid plant in Boulder in 
1916 which operated through 1918. The Tumgsten Products Co. also operated a tung- 
stic-acid plant during World War I. Tungstic acid of good quality was produced in 
toth plants, but losses were high. Combined capacity of the 2 plants was about 
fHO pounds of 99 percent or better of tungstic acid per day, which was used in 
making tungsten steel (1). The Industrial Engineering and Supply Co., following 
a year of experimental work, is now erecting a synthetic scheelite plant in Boulder. 
Tnis plant will use low-grade ferberite concentrates that can be processed to 
scheelite containing over 74 percent WO.. This material can be used to upgrade 
ferberite concentrates containing less than 55 percent WOr. Figure 13 is a flow- 
sheet of this synthetic (locally called artificial) scheelite plant. Concentrate 
cleaning by acid leaching has been employed successfully in the Boulder Tungsten 
Mills, when it was operating during World War II, and in the Marion (Teal) mill. 


Ferro-Tungsten 


A ferro-tungsten plant was built in Boulder about 1916 by the Tungsten Products 
Co. The product, used in making tungsten steel, was made in carbon-lined electric 
furnaces having a capacity of 4,000 pounds of contained tungsten per day. Opera- 
tions were discontinued shortly after 1918. The Ferro-Alloy Co. operated a ferro- 
tungeten plant at Utah Junction, northwest of Denver, during World War I (1). 


Magnetic Separation 


Magnetic separators were used on some ferberite concentrates during World War 
I, and one is now used to clean the concentrates in the Marion (Teal) mill. 


A. A. More erected a small plant in 1952, which contains both alternating- and 
direct-current magnets of varying intensities. Results obtained have been encour- 
aging. Eight tons of iron concentrates containing 4 percent WC3 content from the 
Cobb-Weldon mill were made into a 53 percent WO3 concentrate. During 1953 this 
plant treated about 2O tons of unmarketable concentrate, which was converted into 
10 tons of concentrate of acceptable grade. Capacity is 120 pounds an hour. A 
flowsheet of the More plant is shown on figure 14. 
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Figure 13. - Flowsheet of Industrial synthetic scheelite plant, Boulder County, Colo. 
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Scavenging Plants for Dump Ore 


From the beginning of ferberite mining in the area the richer sections of 
dumps have been jigged near the dump site or treated in local mills. A number of 
dumps have been entirely reworked. The Rogers No. 1 dump, averaging 0.99 percent 
WO2, was shipped to the Government stockpile during World War II. A few dumps con- 
tain considerable tungsten but are not available for leasing at the present time. 
Harrison Cobb, who has successfully reworked several dumps in the district, divides 
the dumps into two groups - those that are virtually barren of tungsten and those 
that will yield 0.2 percent WO3. Part of this latter group of dumps, which are too 
low-grade for processing at local mills were reworked during 1953 by scavenging 
operations, which included screening to 1 inch or 1-1/2 inches, passing through a 
riffle box, and either jigging the riffle concentrates or passing over scalping 
jigs and rejigging the scalping jig concentrate. Low-grade stope fills that have 
also been treated in these plants are listed in table 5. 


TABLE 5. - Scavenger plants operated in 1 


ype number | per hour | in 19 
15 


Cobb-Weldon| Scalper jigs 


Pastore Scalper sluice boxes (2) 16 10 
Linder Scalper sluice box 10 12,000 
Ford : : 000 


On test rms the Cobb-Weldon plant has made a 43-percent recovery on horn ore 
and 64 percent recovery on soft ore. 


Flowsheets of the Cobb-Weldon, Pastore, and Linder scavenging plants are shown 
on figures 15 and 16. 


Sorting Plants 


Sorting plants have been installed at several of the mines. The mine-run ore 
is generally screened and the coarse material washed and sorted. A flowsheet of 
the Cold Spring sorting plant is shown on figure 17. 


Float Beds 


During the 1900's a number of rich float beds were worked by hand; the over- 
burden was screened and the oversize handpicked. The screened material was jigged. 
During the past 10 years a large area, mostly along stream beds, has been worked 
with placer machines, but no operations of this type were carried on during 1953. 

A small amount of float was produced from beds near the Pansy Blossom, Orange 
Blossom, and Clyde mines. An area south of the Cold Spring mine reportedly has a 
content valued at $4.00 per ton in recoverable tungsten over an area 1,500 feet 
long, 1,000 feet wide, and 3 feet deep. Cold Springs Tungsten, Inc., plans to work 
this float bed during 1954. 


Tungsten operators in Boulder County recognize the need for improved mill re- 
covery on the soft ores and for additional metallurgical research on the horn ores. 
There is little chance that gravity concentration can be improved to a degree that 
will be of much benefit. The development of a suitable flotation reagent, which 
will float the ferberite without floating the quartz, would help improve recoveries. 
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Figure 15. - Flowsheet of the Cobb-Weldon tungsten plant, Boulder County, Colo. 
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Figure 17. - Flowsheet of the Cold Spring sorting plant, Boulder County, Colo. 
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The results shown by the More magnetic-separation plant indicates that iron-laden 
concentrates can be cleaned to a marketable grade, and the operators of the dis- 
trict hope that the synthetic scheelite plant being constructed by the Industrial 
Engineering & Supply Co. will solve most of their low-grade concentrate and 
middling problems. 


USES FOR TUNGSTEN 


The chief uses of tungsten are for making tungsten carbide, chemical compounds, 
and metallurgical alloys. Tungsten carbide has a hardness of 9 on the Mohr scale, 
and tungsten steels have the very useful property of retaining their hardness up to 
a red heat, and can, therefore, be used at much higher speeds and for heavier cuts 
than ordinary tool steels. Tungsten is also used as filaments in electronic tubes, 


The principal uses are summarized as follows: 


1. Carbides (WC and WoC) 
Sintered, with or without other carbides (armor-piercing shells, 
high-speed tools, rock-drill bits) 
Fused, with or without other carbides (hard facing) 
Crystals, with or without other carbides (small production) 


2. Chemicals 
Chemical compounds 
Colors and inks 
Miscellaneous 


3. Ferrous alloys 
Die steels 
Hot work steels 
High speed steels, tool steels 


4. Nonferrous alloys 
Cutting tool alloys 
Resistance welding alloys 
Electric contact alloys 
Jet engine alloys 
Miscellaneous alloys 


5. Metallic tungsten 
Wire (lamp filaments, electronics) 
Rod (welding, distributor points) 
Sheet (shielding radio-active material) 
Powder (tungsten carbide) 


GENERAL REVIEW OF THE TUNGSTEN SITUATION 


During the early 1900's Boulder County, Colo., and the Atolia district in 
California produced the major portion of the world's supply of tungsten. Later 
considerable tungsten was recovered by placer operations in southeastern Asia, and 
in 1917, China became the leading producer. In 1950 the leading producers were 
China with 28 percent, United States with 13 percent, Burma with 12 percent, 
Bolivia with 9 percent, Portugal with 7 percent, and Korea with 6 percent. 


Tungsten is a strategic mineral in time of war. The need for tungsten for 
armor-piercing shells, tool steel, jet engines, tungsten carbide and other uses 
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reatly increzses in time of national emergency. Domestic production in 1951 was 

es tnen 6,000,000 pounds of tungsten and the foreign free world production was 
vout 19, 0, G00 pounds. The free world tungsten reserves (not including United 
States) ere estimated as 340,000,000 pounds, and at the 1951 rate of consumption 
omeécztic reserves would last shout 10 years if no additional ore was developed. 
Tne pronable United States consumption of tungsten for 1975 has been estimated by 
Precident's Materials Policy Commission as 16,500,000 pounds. 
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It is generally recognized that domestic producers cannot profitably compete 
with foreizn sources of supply under ordinary conditions. It is also generally 
concluded that large stocks should be maintained in case of a national emergency. 


me outlook for an ample supply of tungsten for the United States is uncer- 
tain. Efforts should be made to increase our knowledge on the extent of domestic 
tungsten deposits and methods of recoverying tungsten from the ores. 


In Boulder County the indicated and inferred reserves of soft and horn ore 
contain an estimated 358,742 units of tungsten trioxide. Allowing for 70-percent 
recovery, tnese reserves are equivalent to about 17 percent of the past production 
of the district. Considering the many hundreds of locations from which tungsten 
has been produced and the relatively small amount of development work that has been 
done, especially on veins prospected less than 100 feet deep, a future production 
of one-half the past production appears possible. 


Many of the metallurgical problems encountered in upgrading ferberite ores are 
unique to this district. Research toward improving recovery of ferberite, such as 
testing new flotation reagents and roasting or treating horn ore before fine grind- 
ing, might result in increased production and new discoveries of substantial 
importance, 
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Year 


1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 


1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 


1933 
1934 
1935 
1926 
1937 


1938 


1939 
1940 
1941 
1942 


1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 


ee 


2,760 
4,200 
11,540 
13,800 
22,800 
36,400 
43,500 
68,760 
35,040 
59 ,580 
73,260 
43,800 
48,720 
57,180 


28,020 
57 »780 
144,060 
162,420 
114,600 


Production 
very small 
5,160 

20 , 520 

31,140 

10 ,816 

13,144 


14,418 


28 , 746 
43,559 
38,740 
22,810 


20 ,522 
17,955 
15,136 
12,473 
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APPENDIX I 


Estimated Tungsten Production by Years in Boulder County, Colo. 


Average price per 
short ton unit of 
WO in dollars 


RPNNSBEER 


Bx NI NUA AUTO OH 


mM Rw 
~ Ow OW 


ROPE SSS 


14.00 to 16.00 
16.00 to 35.00 
to 22.00 
18.00? 


17.11 
18.00 
23.41 
2h .12 


25.07 
23.36 
23.21 
20.17 
25.77 
26.27 
26 .38 
14.00 to 22.00 
22.00 to 63.00 
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Remarks 


Number of units uncertain. 


) 
) 
) 
) 
) Wolf tongue mill operating. 
) 
) 
First tungsten boom. 


Lakewood mill finished. 


Atolia mine in California became largest individual producer in world. 

Primas and Wolf Tongue properties are largest producers in Boulder 
County. 

Atolia mine in California outproduced Boulder County. 

Miners' wages increased to 45 cents per hour. 

Colorado leading producer in United States. 

California leading producer in United States. 

Imports of tungsten start from China. 

Vasco mine leading producer in Boulder County. 

Vasco and Wolf Tongue principal producers in Boulder County. 

No tungsten produced in United States. 

Wolf Tongue Co. kept water out of Cold Spring mine, 

Tongue mine. 

Wolf Tongue only company mining in Boulder County. 


New ore shoot found in Cold Spring mine. 


Wolf Tongue and Cowdery only operators. 


Mostly from leasing operators, Mammoth mine. 

Cold Spring and Mammoth mines. 

Gold, Silver, and Tungsten, Inc., and Wolf Tongue Co. shipping. 
Do. 


Gold, Silver, and Tungsten, Inc., principal shipper, Illinois mine 
operated 3 months V.C.A. Bldg. Conger mill. 

Good ore discovered in Illinois mine shaft. 

Miners' wages $4.00 per day. 

Includes small amounts from San Juan and Summit Counties. 

Includes small amounts from San Juan and Summit Counties, Miners' 
wages 80 cents an hour. 

Mostly Wolf Tongue and V.C.A. 

Mostly Wolf Tongue, Miners' wages 90 cents per hr. 

Vanadium Corp. discontinued operating in May. 


Climax Molybdenum mine in Lake County, Colo., begins production. 
United States production off 25 percent. 


Defense Minerals Exploration Administration grants loans. 
Cold Spring mine main producer, 
. Do. 
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Nee aoe ee 
Grede, ice Grade, Price per Grade, Price per 
LA roerst Bie unit of a a unit of WO3 
1 aS $39 .50 
1.5 5 39.70 
Z eT. 40 00 
225 C2 4O £20 
g 29 .09 LO .50 
4 42.09 4O .70 
2 33609 41.00 
6 23.60 41.20 
T +4 .20 41.50 
C 34.60 50 .00 
9 34.90 52.00 
19 5 I«20 54.00 
11 35. 55 .00 
12 25.80 56 .00 
13. 26.10 57 00 
14 36.20 57.50 
5 36.00 58.00 
16 35.80 58.50 
17 35.40 59 .00 
18 60 .00 
ke 


APFEVDIX II 


Schedule "B" (Silicate or "horn" ores) 


Same as schedule "A" above less $4.00 per unit. 


Notes: 


1. The schedule to apply to an ore will be determined by the degree to which 
the following impurities are eliminated by simple concentration and by the 
extent to which the WO3 concentrates must be chemically treated for which a 
special charge will be made. The classification by our mill superintendent 
will be final. The following is a list of the undesirable impurities: 


Copper (Cu) Bismuth (Bi) Antimony (Sb) 
Phosphorus (P) Molybdenum (Mo) Manganese (Mn) 
Arsenic (As) Tin (Sn) Lead (Pb) 
Sulphur (Ss) Zinc (Zn) 


ec. Ore below 1 percent accepted by special arrangement only. 
3. Other than ferberite ore accepted by special arrangement only. 


4. Ore previously milled accepted by special arrangement only. 


5. A sampling charge of $20.00 will be made on all lots of less than $250.00 
gross value. 


Google 


33 


APPENDIX III 
Electric Power Rates of the Public Service Co. of Colo. 
Appl to the t sten area as of March 1 
Schedule 210 Special Secondary; Urban, Fringe, and Rural 


Available for 3-phase, alternating current power service and incidental light- 
ing, provided the total amount of service does not exceed 150 kilovolt-amperes, 


Rate 
Minimum charge per month for: Dollars 
The first 25 hp. of demand, per Hp. weccccccccccacccccccccece 1.50 
All additional hp. of demand, per hp. which minimum charge 
includes a use of 30 kw.-hr. per hp. of demand ...ccccccccs 1.00 
Next 60 kw.-hr. used per month, per hp. of demand, but not 
less than 450 kw.-hr., per KW.-hr. .ccccccccccccceccecccces 03 
All additional kw.-hr. per month, per Kw.-hr. ceccccccscccccce Ol 
Plus a surcharge for incidental connected lighting load of over 
10 percent of power demand per 100 watts of such excess 
AA CNC ANE VOOC.. o:c: siege e-erare ab awe S06 WANG Ub wl See Saws oe 6 Oe.e ewe wee 220 
Minimum charge as specified in rate, but not less per month 


than @®eeeesceoeeeesesevnoeeeseeoeveevneeeoseaeeeeoevnevoeeoeaee ea seseoeevoeee oan a eve ene 15 .00 


Schedule 212 General Primary Power 


Applicable only to 3-phase primary power service 


Rate 
Demand charge: Dollars 
First 50 kw. or less of demand, per month wecccccccccccesesee 115,00 
- Next 200 kw. of demand, per month, per KW. wecccccccccccccces 1.65 


Next 200 kw. of demand, per month, per kW. cccccceccseccvcese 1.35 

ALL AIAICLONGD:: ove cs sick. oie w 4a sere 0 Sia 0 Oe A wre 60. W es sien eo ee eee ee Mies 1.10 
Energy charge: 

First 100 kw.-hr. used per month, per kw. of demand, per 


month @eeeseaeeoovoeaveavuesvsevneagepeoeaeaeeasvpeeoen eOeeeeeneeeaoeeeeeeveeaeeaeaeae eee @ O12 


Next 5,000 kw.-hr. used per month, per kw.-hr. cccccccccccecs OL 
Next 60,000 kw.-hr. used per month, per kw.-hr. .ccccceccecns .007 
Next 120,000 kw.-hr. used per month, per kw.-hr. cecccccccecs .006 
All additional kw.-hr. used per month, per kw.-hr. ..ccccaces 0055 


Minimum charge not less than @eeevueevueceoeaseeeaosevnaevpeovnoevevneaeseoe vee e 28 200 .00 
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APPENDIX IV 


Principal sten Mines in Boulder Count Colo. 
Including outlying mines 


A. Predominantly soft ore mines having a production of over 100,000 units of WO3 


Mine Present owner 
1. April Fool-Good Friday..|George Jump 
Co. Beddig wecccccccccsecvceee| Colorado Tungsten Corp. 
3. Cold Spring #1 .........|Hetzer Mines, Inc. 
hk, Conger eoeeceveeeneseeoseeneene Vanadium Co ) @ of America 


B. Predominantly soft ore mines hav a production of between 10,000 and 100,000 
units of WO3 


Location 

Mine Present owner 
Bonanza #2 wccccccceeess| Hetzer Mines, Inc. 
CLYGC os bcwestuwseeweeue do. 
CYOSS Fl issccensscesete do. 
Dorothy and Katy .......|Robert C. and Annabelle Teal 

Barr 

Elsie @eeeeeooaogceaoecea~eseoeaoneaouned W. L. Tanner and Son 
Eureka .cccccccccescocce| cuanita Clark 
Hoosier ..cccccccccccece| Hetzer Mines, Inc. 
Illinois #e08000008080606808060086 do. 
Lone Tree eceeceeneesece Vanadium Corp. of America 
Luckie 2 .ccccceceseceee| County of Boulder 
Mammoth ..ccccccocccccee(W. L. Tanner and Son 
OreGon .ccccccccsccccces| Vanadium Corp. of America 
Phillip Extension ......|Colorado Tungsten Corp. 
Quaker ..ccccccccccsceee| Vanadium Corp. of America 
QUAY .ccccccccccescesese| colorado Tungsten Corp. 
Rake Off ..cccccccccceee) Vanadium Corp. of America 
Rambler .ccccccccccccess| George Cowdery 
Rogers #3 .ccccceccccees|Platt Rogers Estate 
Smith .ccccccccesecceees|cOlorado Tungsten Corp. 
TungBten sccccccvceseecee|ceorge Cowdery 
Vasco #5 wccccececcceees| Hetzer Mines, Inc. 
Vasco #6 cccccccccccsece do. 
VEASCOF] aictacesoousees 
Vasco #10 .ccccccccccces 
25. Western Star ..cccccccece 
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C. Predominantly soft ore mines having a production of between 1,000 
and 10,000 units of W0O3 


Location 
Mine Present owner 
Anna L. ceccoccecesceeee | soseph Rafter 36 1 WN. 
Balmoral ..ccocceceeess| Colorado Tungsten Corp. 36 1 N. 
Barkers #1,#2,#3,#4 ...| J. Clark-Hanna Barker Estate 17-18} 198. 
Big Six wccccceccccecee| Richard Tatlow 13 158. 
Black Hawk ....eeseeeees | George Cowdery o4. 1S. 
Black Iron .....eceeeeee| aM D. Walters 19 158. 
Black Jack #1 & #2 ....| Hetzer Mines, Inc. 5 1s, 
Black Rose ....secceess| Re E. Dalley k 1S. 
Black Rover ...cecceceee | George Cowdery 20 A Se 
Blue Bell Group .......| Vanadium Corp. of America 4 LS% 
BOD: Cal  eswiwa es bess do. 12 iS. 
Bonanza #1 ...seeceseee | Hetzer Mines, Inc. 5 1S 
Brace Tract ...eeceess. | RODert H. Sayre oh 1S. 
Catastrophe ...e.eeeee. | Mattie M, Lawrence 35 1 WN. 
Cold Spring #2 ........ | Hetzer Mines, Inc. 8 1S. 
Cold Spring #3 ....eee- do. 8 1S. 
Cork Screw ..cccccceees | vanadium Corp. of America 12 158. 
Crow #1 and #1-3/4 ....| Colorado Tungsten Corp. 12 7S. 
CrOW Hb. kss6 5a le esas do. 12 1S 
Crow #7 and #8 ..ceceee do. 12 1S. 
CLOW Fill we caeeereeSeen~ ee do. 12 1s. 
CLOW FIG: Ssiaciee sec eecons do. 12 1G 
Crow 73. sntasae eoetess do. 12 1s. 
Crow MibCls. ss0wsa eas do. ll-le2 | 158. 
Dillon wecccovcccceseee | Hetzer Mines, Inc. 7 1 Sy 
Double Header group ...| Vanadium Corp. of America 8 1.8% 
Faircount ..cccccecceee | C. L. Stubbs 36 1 N. 
Fitzsimmons #1 ........|]W. L. Tanner and Son 19 1s. 
Fitzsimmons #2 ....eees do. 19 LS. 
Forest Home ...eeeceeee | Hetzer Mines, Inc. T alk xg 
GEIL Oe os aas .e-0 Oe elses eens do. é 1S. 
Gale Extension ........ | Colorado Tungsten Corp. 12 1 S% 
COM <2 so-siweeweetaee wee) Getzer Mines, Inc; 7-8 125% 
GOOPE1G) A sis teens’ ewes do. < 1S. 
Grey Back ...ccccceceees | Vanadium Corp. of America 11 158, 
Greenhorn Tunnel ...... | Colorado Tungsten Corp. 12 18S. 
Hildegard ..cecececesee | Vanadium Corp. of America 34 1N. 
HiLIB1 GS 42. dsraw ceerereehs do. 3h 1 N. 
Jack and Summit ....... | Hetzer Mines, Inc. 7 15. 
KiGKG? scs$ee todas ces do. 8 1S. 
Last Chance #2 ....ee0- do. T 1S. 
TE DY 6 erage wteliealereaia ele eres do. 7 1S. 
Lincoln Group ......... | James McGlaghen 30 1 N. 
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C. Predominantly soft ore mines hav a production of between 1,000 
and 10,000 units of WO3 (Con.) 


Mine 
LOZAN CZFOuUP cevecccccce 
Long Tunnel ..ccccccece 
LOOKOUU: -s 66.446 0erbSeece 
Manchester .seccecscccece 
Manion Lease .cccoccccce 
Mil) Sump: 2ss.eses-es sees 
Miser ZYOup .ecccccccce 
Nancy Henderson .ecocee 
ONLO: ss dense een eee e-e ere 
OPAL ace ow ines See oe ee 
Orange BLOSSOM .eccccee 
OVERON 6:6 sew oie ein sce ces 
Pansy BLOSSOM .ecceccece 
Pennsylvania .cccccccce 
Pewink eoeeceeeneneneeeee 
Philadelphia wwcccccececs 
Philadelphia and N. Y.. 
PHAVILITD: sscce sewe es Sew 
PIONECr weccccccccvccece 
Post (Evening) ...cccce 
PrinceSS .ecccecccccccs 
Prospect Tunnel ....... 
Pueblo Belle .eccccccece 
Red Signe .ccccccccccce 
Rocky Mountain ...ccece 
Rogers #1 eccocvevecocecn 
Rogers #5 
Rogers #7 csccccccccces 
Rogers #11 .ccccccecccs 
Roosevelt wccccccccaces 
Silver Queen ceccccecere 
Spider Leg ececcecceser 
Sunday eeecccecscceoece 
Tenderfoot #1 enecececocee 
Tenderfoot #2 wcccccces 
TenneSSCE ccccccccccecs 
Town Lot weccccccscscccce 
Trevarton Ranch .e.ecoce 
Vasco #1 and #1-1/2 ... 
VEBCO Fe Kisdscntessae’ 
VABCO*# 3° 445seddesnsees 
Vasco #4 .ccccccscccees 
Vasco #8 eceooeceeeeeeeseos 
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Present owner 
Logan Metals Co. 
Unknown 
Donald Brotzman 
Strolle Brothers 
Hetzer Mines, Inc. 
do. 
Vanadium Corp. of America 
Ernest Bonelli 
Vanadium Corp. of America 
do. 
Hetzer Mines, Inc. 
do. 
do. 
J. Jordan et al. 
Not patented 
W. D. Townsend 
Hetzer Mines, Inc. 
do. 
Robert H. Sayre 
Mattie M. Lawrence 
Homer Pennock 
Hetzer Mines, Inc, 
Shattuck Chemical Co. 
Annabelle Teal Barr 
E. J. Rodke 
Platt Rogers estate 
do. 
do. 
Joseph Rafter 
Victor Helberg 
Vanadium Corp. of America 
George Cowdery 
Hetzer Mines, Inc, 
do. 
Joseph Smith 
Hetzer Mines, Inc, 
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D. Predominantly soft ore mines having a production of less 


Mine 
Plley Bird. -é swisic.<eace-aes 
PIA Cs. deere awa e Ss ere eS 
Anna #1 & #2 ..cceecees 
Arrow #1 and #2 ....... 
Arrow #3 ccccsccccccccs 
Big. CHLe? 244 ssw tue ec 
Black Beauty w.cccvccess 
Black ‘GOL: «sss deurswe ae 
Black Hawk: <«.s«8+e sees 
Black Pearl: wise se aces 
BUCO: 1i.66as sere es Geiss ecens 
Byron (Lord) ..scececes 
COMCTEN: 44.0% 60:60. 6c seve 
Carlberg 6-5609:6% <ee-e0e e 
Chahauhau secccccscnces 
Cold Spring #4 ........ 
Cracker Jack weccccceecs 
CYOUC 66ice se cawaseee wen 
Cross #2 ssaciccvcessss 
Crow #2 & #3 scccccccee 
CYOW #12° se s'ebc.w 640 5:00-% 
Crow #36 cccccccccccece 
DOLGSY: sejao ois aceeceeteeeevores 
DCNVED 4 y4 6so06-b.oG eewase 
PULK TY. 625i dia 5G aoeleee eke 
Bast ViGW “is owwew ss.6'o% 
EGQAGh Mary ss és\e eseieerees 
Fire Crack6Y .6si4a%e08 
FP EECGLON: isis 3.56 es 
Germania #1 ...cccccees 
Germania #2 ..cccsccece 
Glacier Lake ...ccccece 
Gra DOIG: read ashe ee saceteens 
PLS RWOY 366s esos 4.66 bere. o 
HOLY Cross) 066 ssiee we eee 
Horrible Gash .ecccccce 
Hugo #1 and #2 ..ceceee 
TUMOR ig sseiatse eo avee ee Sale 
LOWE. ‘eereeaew wieuts eae oe we 
UME: 55: Gabo Greerew wus 36 
beady LUCK 4.32s04.2wss sae 
Last Chance #1 ...ecoce 
Little Charlie ......e. 
Little Sap -wséweusew<s-< 
Little Lester .weccccece 
Lone Jack .eesnccccaeces 
Lone Pine ...ccccceececs 
Lonesome Polecat .we.eec 
MSC Group ..< 65d:k-40s0s wes 
MAGE LIne sasiscse3 wate Soe tere 


Google 


than 1,000 units of WO3 


Present owner 
W. Perkins 
O. B. Scott 
Hetzer Mines, Inc. 
do. 
do. 
Stolle and DeBell 
Hetzer Mines, Inc. 
W. Perkins 
Hetzer Mines, Inc. 
do. 
Harry M. Williamson 
L. V. Davidson 
Hetzer Mines, Inc. 
do. 
W. Perkins 
Hetzer Mines, Inc. 
Margaret L. Peters 
Anabelle Teal Barr 
Hetzer Mines, Inc. 
Colorado Tungsten Corp. 
do. 
do. 
Hetzer Mines, Inc. 
do. 
James Durkin 
Not patented 
Hetzer Mines, Inc. 
do. 
Vanadium Corp. of America 
Hetzer Mines, Inc. 
do. 
A. B. Pace 
Dora Fairhurst 


Colorado State Highway Comm. 


Hetzer Mines, Inc. 

do. 
Alton Stinson 
Hetzer Mines, Inc. 
Vanadium Corp. of America 
George Todd 
Albert Rogers 
Hetzer Mines, Inc. 

do. 

do. 
G. R. Anderson 
Hetzer Mines, Inc. 
Vanadium Corp. of America 
Richard Tatlow 
A. J. Critz 
Hetzer Mines, Inc. 
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D. Predominant soft ore mines hav a production of less 
than 1,000 units of W03 (Con.) 


Location 
Mine Present owner | Secs | T. | R. 

Mary Nelson ...cecceceee | We. Le. Tanner and Son 19 1S. Te W. 
Minnesota ..cccoscecees | Hetzer Mines, Inc. oh 1S. 1] 73W. 
Missing Link .......... | George Cowdery ok 1S. | 73 W. 

DOw seccccccvcccces | Hetzer Mines, Inc. T 1S. | 7eW. 
Minnie Foy ..ceccceseee | De. H. Petzke 11 1S. |] 73W. 
Moonrise ..ccccccceceee | JOON Taylor Gilpin County 
Niagra wccccccccccvecese | Patterson Estate 13 1S. 73 W. 
1905 ccccccccccccccceee | Hetzer Mines, Inc. T Los Te W. 
NO AME S666 seks sswews do. 5 1S. | 72 W. 
Only Chance wececcccccs do. T 15S. { 72W. 
Parker cecccccceccccces | Joseph Rafter 36 1N. | 72W. 
Paymaster .w.cocccccaces | Paymaster Mine Trust 31 1 N. Te W. 
Pick and Gad .ececeeeee | Cecil Jones 7 1S. | 72 W. 
Pine Shade ..c.secoeeeee- | Namnie L. Duval 15 1S. ] 73 W. 
Pleasant Dream ........| Colorado Tungsten Corp. 36 1N. | 72W. 
Protection ....cccecceees | Gold Uranium Mining Co. 34. 1N. | 72W. 
Queen (Golden) ........]| Joseph Walters 6 1N. | 72W. 
Rainy Day ...scocceceess | Hetzer Mines, Inc. 8 1S. ] 72W. 
Red Pine ..ccccccaccvecs do. t 1S. | 72 W. 
Reeves Patent .........) Jas. W. Keady et al. 8 1S. {| 72W. 
Richard wccccccesceceee | COlorado Tungsten Corp. 12 1S. |] 73 W. 
Rogers #2 secccccccecee | Platt Rogers estate 3 1S. | 73 W. 
Rogers #4 eeouaesenveeveaese 3 1S. 73 W. 
Rogers #6 @eeeveeneeoeecens 3 1S. 13 W. 
RogerB #8 ccccecccccccs 3 1S. / 73 W. 
Rogers eeeoaeveeeoenece 3 1S. 73 W. 
Rogers #10 ..ccccccccce 3 18. ] 73 W. 
Roger8 MisCl. wecccccee 2-3- 

4&9 11S. ] 72W. 

Romancier ..ccccccccece | NOt patented 17 2 N. 71 W. 
Rudy #2 .cccoccceccceses| Elmer Rudine 34 1N. |] 72 W. 
Silver Bell .....eceeee| James Durkin 5 18S. / 73 W. 
Silver King .....e.ee-.| Albert Perkins 34 1WN.] 72 W. 
Sisson claims .......e..| Nannie L. Duval Various 
Spencer Timnel ........| Hetzer Mines, Inc. T 1S. Te W. 
SunnyBide ...cccccceeee | BeSBSie I, and C. V. Skimner el 1N. | 73 W. 
Steel Plate .....e.ccee.| Hetzer Mines, Inc. T 1S. Te W. 
Sunbean @eeeeeveeeeneeede Fred J. Holmes 19-20 1 N. 71 W. 
Sunset .rccccccccccccee | Mrs. Duval 11 1S. 73 W. 
Tungsten cecccccccecese | Hetzer Mines, Inc. T 1S. | 72 W. 
Tungsten Mt. #6 ....e..| George Cowdery 19 18S. | 72W. 
Tungsten Mt. #9 ceccece do. 19 1S. | 72W. 
Utica .cccccccccceccee. | voseph K, Davidson T 1N. Te W. 
Vacant Spot ..cccceccaee | Hetzer Mines, Inc. 11 1S. 73 W. 
Victor wecccccccessccese | Milton V. Christman 8 1S. {| 72W. 
Walker Ranch ..ceceeese| Oliver I. and Bertha H. Taylor 28 1S. { 71W. 
Western Cro8s .........| Hetzer Mines, Inc. ok 1S. | 73 W. 
Wild Tiger ..ccccccceee| A. B. Pace 35-36 |1N. | 72 W. 
Wisconsin ....ccccccseeee| EGward Bonelli 11 158. 73 W. 
World ..ccccsccscccsceeee | Hetzer Mines, Inc. LS. 2 W. 
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E. Mines producing predominantly horn ore 


Location 

Mine Present owner R. 
L. AMZY ceccccccccccccccee | ViOla Lancaster 20 1 N. 71 W. 
2. Belmont ...cccccccccecee | Mary H, Kettering 5 LS 71 W. 
3. Black Crystal .........{|L. A. Mock and H. W. Patton 31 1N. | 71 W. 
4, Black Prince ..cecccece do. 31 1N. | 71 W. 
De Blue Jay eeeoaseoeeseeeese W. D. Brown 35 1 N. (e W. 
6. Clyde Seve eesevececosnss | HELZEr Mines, Inc, 1 1S. 72 W. 

7. Copeland ..csscccsceeese | (Production over 10,000 units) 

Vanadium Corp. of America 20 1S. /] 71 W. 
8. Crown Point .....ceeeeee | W. Todd Dofflemeyer 9 1S. | 73W. 
GQ. Eureke .ervcccccccccceee | Juanita Clark 35 1N. | 72 W. 
10. Gold Lake .....eeeeeeee.| James Morgan 4 1N. | 72W. 
ll. Grand View ....ccscceeee | A. C. Hager 8 1N. |] 71W. 
12. Great Sphinx .......... | Edward Bonelli 20 1N. |] 71 W. 

13. Herald ..ccccccccccecee | Maude V. Caughlin 1N. Te 
14, Helen eoeceecseeoneececnces John Bosko 1N. 71 W. 
15. Home Run .ccccccsceoseee | Crucible Steel Co. 1S. Te W. 
16. Kekionga ...ssceecssees | Dr. Robert Smith Lg.) TL. Ws 
17. Manyon .cccccecccccceee | Manyon and Spence 1 N. Te W. 
18. Pennsylvania .....ee...| J. Jordan et al. 1N. | 72W. 
19. Quaker ..cccccccccccves | vanadium Corp. of America LN. | 72 WwW. 
20. Rogers #1 ..cccccecsese | Platt Rogers estate 3 1S. | 72W. 
21. RogerS #3 wccccccccceas do. 3 1S. | 72W. 
22. Rogers #4 ..cccccccvcecs do. 3 1S. | 72W. 
23. RogerB #5 ccccccccccces do. 3 1S. 1] 72W. 
24. Rogers #6 w.ccccccccces do. 3 1S. | 72W. 
=i Rogers #7 seseeeneenece do. 3 1S. Te W. 
26. Rogers #8 eoevoneeoenenne do. 3 LS Te W. 
27. Rogerd #9 ccccccccecces do. 3 1S. | 72W. 
28. Rogers #10 ..cccccccces do. 3 18S. | 72W. 
29. Tocap ceccccccccccveeee | Unpatented 34 1N. | 72W. 
30. Tungsten King ......... | Nellie B. Robb’ 5 15% Tl W. 
31. Vasco #10 ...cececceeee | Hetzer Mines, Inc. 8 1S. |] 72W. 
2. W. T. Claims ..........} Ll. A. Cole 2 1 N. 1 W. 
Int. - Bu. of Mines, Pgh., Pa. 6808 
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